The positions of all cores recovered during Leg 90 in the southwest Pacific are shown within the standard calcareous nannoplankton zonation. The stratigraphic and regional occurrences and preservation of Paleogene calcareous nannoplankton found at Sites 588, 592, and 593 are discussed, and fossil lists are given for selected samples. Data on the Eocene/Oligocene boundary found in Holes 592 and 593 and on the Oligocene/Miocene boundary in Hole 588C are presented. Regional unconformities are noted in Hole 588C, where the upper Eocene to middle Oligocene interval (Zones NP17 to NP23) is missing, and in Hole 592, in which the middle Oligocene to lowest Miocene interval (Zones NP23 to NN1) is not represented.
INTRODUCTION
During Leg 90 of the Deep Sea Drilling Project, eight sites (587 to 594) were occupied and 18 holes drilled in the New Caledonia to New Zealand region (Fig. 1 ). All holes yielded common calcareous nannoplankton. Results for each hole are summarized and cores are located within the standard calcareous nannoplankton zonation in Table 1. Holes 588C, 592, 593, and 593A yielded Paleogene calcareous nannoplankton. The Paleogene assemblages of these holes and their age assignments are discussed below. Fossil lists for selected samples from Holes 588C, 592, and 593 are presented in Tables 2 to 4 , covering most of the middle Eocene to upper Oligocene interval. For the Neogene and Quaternary calcareous nannoplankton found during Leg 90 see Lohman, this volume.
CALCAREOUS NANNOPLANKTON ZONATION
For the Tertiary and Quaternary the standard calcareous nannoplankton zonation (Martini, 1971 ) is used. For the Paleogene nannoplankton zones some deviations are necessitated by the high latitudes of some of the Leg 90 sites (Fig. 2) .
NP24/NP25*-(combined Sphenolithus distentus/ S. ciperoensis Zone) 3
Substitute definition. Interval from the last occurrence of Blackites tenuis (Bramlette and Sullivan) to the last occurrence of Zygrhablithus bijugatus (Deflandre).
Remarks. As sphenoliths commonly used to define the zonal boundaries in the middle and late Oligocene are too rare or missing in samples from Holes 593 and 593A because of its high latitude during the Paleogene, cies), and the only occurrence of Chiphragmalithus alatus is in Sample 588C-18-1, middle. Therefore a combination of the two zones for this hole seems necessary. However, a single specimen of Chiasmolithus gigas (Bramlette and Sullivan) was noted in Sample 588C-19-1, 10-12 cm, and the whole sequence between Samples 588C-18-1, middle, to 588C-19,CC may belong in Zone NP15 (Chiphragmalithus alatus Zone). The sequence could be in a position within this interval similar to the Chiasmolithus gigas Subzone of Bukry (1973) .
SITE SUMMARIES
Site 588 (26°06.7'S, 161°13.6'E, water depth 1533 m) In Hole 588C, on the northern part of Lord Howe Rise, Paleogene sediments were encountered form Core 6 (353.7 m sub-bottom) downward to the terminal depth of 488.1 m in Core 19. The interval between Samples 588C-6-2, 0-1 cm and 588C-17-1, 0-1 cm is placed in standard nannoplankton Zone NP25 (Sphenolithus ciperoensis Zone). Important species include Helicosphae- ra recta and Zygrhablithus bijugatus, which both last occur in Sample 588C-6-2, 0-1 cm, although the latter species occurs only sporadically. Dictyococcites dictyodus is present throughout this interval and is last noted in Sample 588C-4-5, 0-1 cm, of early Miocene age. Discolithina enormis and S. ciperoensis are rare or few and which last occur well below the Oligocene/Miocene boundary, which in this hole is defined by the last occurrences of H. recta (Table 2) . Triquetrorhabdulus carinatus and S. dissimilis, both crossing the Oligocene/Miocene boundary, first occur in the lower part of Zone NP25. Triquetrorhabdulus milowii, which has a range from the base of Zone NP25 to the top of Zone NN1 in the Philippine Sea (Martini, 1980) , seems to be restricted to the higher parts of Zone NP25 and lower part of Zone NN1 (last occurrence in Sample 588C-5-4, 0-1 cm) The lower Oligocene Zones NP21 and NP22 were identified by the last occurrences of Discoaster saipanensis in Sample 592-37-2, 33-34 cm, Cycloccolithus formosus in Sample 592-35-1, 3-4 cm, and Reticuiofenestra umbilica in Sample 592-33-3, 70 cm. For the late Eocene, nannoplankton Zones NP19 and NP20 were combined because the guide species Sphenolithus pseudoradians is not present in this area. It was also shown to have no time-equivalent first occurrence in the oceans (Bukry, 1971; Martini, 1976) . For details on the ranges of calcareous nannoplankton species see Table 3 .
Reworking of Eocene and Oligocene calcareous nannoplankton was noted in the lower Miocene above the hiatus. Reworked middle Eocene species, with Neococcolithes dubius most conspicuous, occurred also in the lowest part of Hole 592, attributed to the upper Eocene Zone NP19/NP20.
Preservation is moderate throughout the Paleogene interval, which consists of white to very light gray nannofossil ooze in the early Oligocene (Cores 33 to 37) and white to very light gray nannofossil chalk in the late Eocene (Cores 38 to 41), but is only poor to moderate just below and above the hiatus. Standard nannoplankton Zones NP24* {Sphenolith-us distentus Zone) and NP25* (S. ciperoensis Zone) had to be combined because of the lack of sphenoliths. The top of Zone NP23* (S. predistentus Zone) is defined by the last occurrence of Blackites tenuis and Lanternithus minutus in Sample 593-55,CC. The tops of Zones NP22 {Helicosphaera reticulata Zone) and NP21 {Ericsonia subdisticha Zone) were identified by the last occurrence of Reticulofenestra umbilica and Cyclococcolithus formosus, respectively. The Eocene/Oligocene boundary based on calcareous nannoplankton is obscured in Hole 593 because of the volcanogenic material in the lower part of Core 58 and most of Core 59. Sample 593-59,CC clearly belongs in the late Eocene nannoplankton Zone NP19/NP20 based on the occurrence of Cribrocentrum reticulatum,which does not cross the Eocene/Oligocene boundary (Müller, 1978) . The ranges of calcareous nannoplankton species found are listed in Table 4 .
Reworked middle Eocene nannoplankton species (e.g., Neococcolithes dubius) occur throughout Core 60, but were not found in Sample 593-59,CC and above. A similar occurrence of reworked middle Eocene species at Site 592 also ceased before the end of the Eocene. A few reworked Eocene specimens were found at several levels in the middle and upper Oligocene.
Preservation in the Oligocene varies between poor to moderate and moderate, with the best preservation in the lower and middle Oligocene white nannofossil ooze. Unlike the Oligocene interval, there is little difference in preservation between the Eocene light greenish gray chalk and the white nannofossil chalk that is interbedded with lithified volcanogenic turbidites in the interval from 593-58-3 through Core 60.
In Hole 593A the late Oligocene calcareous nannoplankton Zone NP24/NP25* was encountered in Cores 24 (458.4 m sub-bottom) to the terminal depth of 496.8 m in Core 27; results duplicated those of part of Hole 593.
EOCENE/OLIGOCENE BOUNDARY
The Eocene/Oligocene boundary identified by means of the calcareous nannoplankton is commonly placed at the last occurrence of the rosette-shaped discoasters which dominate in the Eocene, especially the last occurrence of Discoaster saipanensis Bramlette and Riedel (top of Zone NP20) in deep sea sediments as well as in landbased sections (Martini, 1981b) . The lower Oligocene (Latdorfian), including standard nannoplankton Zones NP21 and NP22, was clearly deposited prior to the Rupelian (= middle Oligocene), which includes the standard calcareous nannoplankton Zones NP23 and part of NP24, although a quite misleading version was recently published in Harland et al. (1982) , which has some forerunners in papers by Berggren (e.g., Hardenbol and Berggren, 1978) , and is also used in a few DSDP papers. There are several articles discussing the time-equivalence of the Eocene/Oligocene boundary using calcareous nannoplankton and foraminifers (e.g., Bombita and Rusu, 1981; Snyder et al., 1984) ; they may be summarized by saying that the boundary defined by the planktonic foraminifers (commonly the last occurrence of Globorotalia cerroazulensis) is slightly younger than that drawn using calcareous nannoplankton. This is also true for Sites 592 and 593, in which the Eocene/Oligocene boundary was encountered. At Hole 592 the boundary based on calcareous nannoplankton is between Samples 592-37-2, 5-6 cm and 592-37-2, 33-34 cm, whereas based on planktonic foraminifers it is between Samples 592-36-3, 64 cm and 592-36-3, 90 cm, where the last Globigerinatheka index were noted. A similar offset was observed in Hole 593, where the boundary based on calcareous nannoplankton lies between Samples 593-59,CC and 593-58-2, 110-112 cm, (although it is somewhat obscured by volcanogenic material deposited at the site at this time) and just above Sample 593-57,CC, where G. index seems to have its last occurrence. At Site 593, discoasters are rare in the uppermost Eocene because of the position of Site 593 at that time, but are still noted in all samples just below the Eocene/Oligocene boundary (Table 4) . However, the consistent presence of Cribrocentrum reticulatum (Gartner and Smith) up to Sample 593-59,CC is a reliable datum placing the boundary somewhere in the volcanogenic sequence. The last occurrence of C. reticulatum has always been placed prior to the Eocene/Oligocene boundary (top of Zone NP20, last occurrence of D. saipanensis) in low and middle latitudes, and the species can be used as a reliable substitute in high latitudes.
With an accumulation rate of 19.0 m/m.y. in the early Oligocene that may also be true for the latest Eocene at Site 592, the time difference between the two boundary "events" is about 0.4 m.y. No attempt is made to calculate the time difference at Site 593 because of the uncertainty of the nannoplankton-based Eocene/Oligocene boundary, which is somewhere within the volcanogenic interval.
OLIGOCENE/MIOCENE BOUNDARY
Continuous sequences across the Oligocene/Miocene boundary were recovered in Hole 588C and at Site 593. At Site 592 the boundary falls in a hiatus covering at least the interval between calcareous nannoplankton Zones NP23 (middle Oligocene) and NN1 (lower Miocene).
The Oligocene/Miocene boundary in terms of calcareous nannoplankton is generally placed at the top of standard nannoplankton Zone NP25 (Müller, 1981; Steininger, 1982) , where several nannoplankton species have their last occurrences, for example Sphenolithus ciperoensis Bramlette and Wilcoxon, Helicosphaera recta (Haq), and Zygrhablithus bijugatus (Deflandre).
In Hole 588C the more delicate S. ciperoensis Bramlette and Wilcoxon and S. distentus (Martini) are rare, except in levels with moderate preservations, where they are better preserved. The last occurrence of S. ciperoensis in this hole is in Sample 588C-11,CC (Table 2) , whereas H. recta and Z. bijugatus are found up to Sample 588C-6-2, 0-1 cm, although the latter are not continuously present and vary in frequency. Discolithina enormis Locker was noted in several samples up to Sample Table 2 . Distribution of calcareous nannoplankton in selected samples from Hole 588C and indication of standard nannoplankton zones. Note: R = rare to few, C = common, A = abundant. Preservation: P = poor, M = moderate, G = good. Reworking: C = Cretaceous, P = Paleocene, E = Eocene. * = samples studied with scanning electron microscope.
588C-6,CC. Dictyococcites dictyodus (Deflandre) [ = Reticulofenestra bisecta (Hay, Mohler, and Wade) of some authors] and Discolithina desueta Müller range higher and have their last occurrences in Samples 588C-4-5, 0-1 cm and 588C-5-1, 0-1 cm, respectively. The Oligocene/Miocene boundary is taken to be just above Sample 588C-6-2, 0-1 cm with the last occurrences of H. recta and Z. bijugatus. The foraminifer-based boundary is indicated in this hole by the first appearance of Globoquadrina dehiscens (see Srinivasan and Kennett, 1983) , which is first noted in Sample 588C-8,CC, and is considerably lower than at Site 593. At Site 593 sphenoliths occur in a rather scattered fashion, except for S. moriformis (Brönnimann and Stradner), because of the position of this site at the time, and cannot be used as zonal markers. Helicosphaera species are rare and unreliable. The only species that occurs consistently and also commonly, indicating "shallow-water" conditions, is Z. bijugatus, which last occurs in Sample 593-50-5, 3-4 cm, and which is used in this hole to define the Oligocene/Miocene boundary in terms of calcareous nannoplankton. Dictyococcites dictyodus ranges higher up, as it does in Hole 588C. Chiasmolithus altus Bukry and Percival, which is widespread in cold water masses, is found up to Sample 593-50.CC (Table 4) , whereas it ceased at Site 588 in Sample 588C-12-3, 0-1 cm, well below the supposed Oligocene/Miocene boundary.
The first occurrence of the planktonic foraminifer G. dehiscens was noted in Sample 593-50-4, 90 cm, and accordingly the Oligocene/Miocene boundary is placed between Samples 593-50-4, 90 cm and 593-50,CC, below the Oligocene/Miocene boundary based on calcareous nannoplankton. For further discussion see the biostratigraphic synthesis (Martini and Jenkins, this volume) .
REGIONAL UNCONFORMITIES
In Leg 90 sites two major unconformities were noted in the Paleogene. One occurred in Hole 588C between Samples 588C-18-1, top and 588C-18-1, middle, dividing Zone NP24 and the combined Zone NP15/NP16, with the upper middle Eocene to middle Oligocene missing. In Hole 592 a hiatus was identified between Sam- 
pies 592-33-3, 5-6 cm and 592-33-3, 70 cm, excluding at least the middle and upper Oligocene (Zones NP23 to NP25) as well as the lowest Miocene (Zone NN1). Previous drilling in this area revealed a major hiatus at Site 207, which is close to Site 592 (Fig. 1) , with part of the middle Eocene to part of the middle Miocene, representing ~30 m.y., missing (Edwards, 1973b) . A hiatus was noted in Hole 206, also with the upper Eocene to lower middle Oligocene missing (~ 10 m.y.). Hole 206 is close to Sites 589 to 591, which unfortunately did not reach the corresponding depth to verify a widespread regional unconformity at this level. At Site 208 a hiatus described by Edwards (1973b) is more or less the same as that found at Site 588. In Hole 208 at least part of the middle Eocene (Zone NP16) to the middle Oligocene (Zone NP23) is missing. For a further discussion of the regional unconformities the biostratigraphic synthesis (Martini and Jenkins, this volume) should be consulted.
REMARKS ON SELECTED CALCAREOUS NANNOPLANKTON TAXA
Most of the Paleogene calcareous nannoplankton taxa found on Leg 90 are well documented elsewhere and need no discussion. Detailed information on calcareous nannoplankton from nearby DSDP legs and New Zealand can be found in Bukry, 1975; Edwards, 1971 Edwards, , 1973a Edwards and Perch-Nielsen, 1975; Stradner and Edwards, 1968. However, a few taxa that cannot be differentiated by light microscope techniques because of their small size and one new species will be discussed.
Cyclococcolithus sp. In Hole 588C some small circular forms with the general appearance of the genus Cyclococcolithus as seen with the light microscope were noted in the middle Eocene interval, and are listed as Cyclococcolithus sp. in Table 2 .
Discolithina sp. In Holes 592 and 593 a few small and poorly preserved specimens of the genus Discolithina found at various levels are grouped together as Discolithina sp. in Tables 3 and 4 , although they actually may represent different species.
Reticulofenestra sp. (small). Under this name all small Reticulofenestra species that cannot be differentiated with the light microscope are grouped together in Tables 2 to 4 .
Sphenolithus sp. In Hole 588C some sphenoliths were found in the middle Eocene interval; they may be related to Sphenolithus radians Deflandre, but were too small to be identified with certainty. They are listed in Table 2 Fig. 8 . Description. Basal part constructed of ~ 9 regularly placed calcite units (Plate 2, Fig. 7) , followed by some irregularly placed smaller cal-cite particles, which form a collar from which a solid and prominent spine arises. The spine is clearly visible in normal light, showing maximum relief when parallel to polarizer. In polarized light it has its maximum birefringence with the long axis at 45° to crossed nicols. With the long axis parallel to crossed nicols only the base shows birefringence.
Size. 6 to 9 µm. Remarks. Sphenolithus elongatus new species resembles S. heteromorphus Deflandre, but has a distinctly smaller base; the elongated spine is always slender and seems not to vary in size like that in S. heteromorphus. Sphenolithus delphix Bukry has longer crystals in the basal part, resulting in a different picture when viewed parallel to crossed nicols (see Martini, 1976, plate 13, figs. 22-24) . Note: S. elongatus n. sp. is not listed in Table 2 .
Type locality. Sample 588C-7-2, 0-1 cm, upper Oligocene, Zone NP25 (S. ciperoensis Zone).
Distribution. Few in Sample 588C-8-1, 0-1 cm and common in Sample 588C-7-2, 0-1 cm, Lord Howe Rise, upper Oligocene (Zone NP25).
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The type specimen of the new species and additional material is deposited in the Naturmuseum und Forschungsinstitut Senckenberg, Frankfurt am Main, Germany, Catalog No. SM.B 13507. Bramlette and Sullivan, 1961 D. saipanensis Bramlette and Riedel, 1954 D. tani Bramlette and Riedel, 1954 D. wemmelensis Achutan and Stradner, 1969 Discolithina desueta Müller, 1970 Levin and Joerger, 1967 D. enormis Locker, 1967 D. punctosa (Bramlette and Sullivan) Perch-Nielsen, 1971 Discolithina sp. Ericsonia fenestrata (Deflandre and Fert) Stradner, 1968 E. subdisticha (Roth and Hay) Roth, 1969 Helicosphaera carteri (Wallich) Kamptner, 1964 H. compacta Bramlette and Wilcoxon, 1967 H. dinesenii (Perch-Nielsen) Jafar and Martini, 1975 H. euphratis Haq, 1966 H. granulata (Bukry and Percival) Jafar and Martini, 1975 H. intermedia Martini, 1965 H. recta (Haq) Jafar and Martini, 1975 H. seminulum (Bramlette and Sullivan) Jafar and Martini, 1975 Isthmolithus recurvus Deflandre, 1954 Lanternithus minutus Stradner, 1962 Markalius inversus (Deflandre) Bramlette and Martini, 1964 Neococcolithes dubius (Deflandre) Black, 1967 Table 3 . Distribution of calcareous nannoplankton in selected samples from Hole 592 and identification of standard nannoplankton zones.
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